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I. REVIEW OP LITERATURE 
& 
EXPERIMENTAL INTRODUCTION 
The usage o£ metals dates back to the period 
between 6000 and 5000 B.C. During those days/ metals 
like gold, silver and copper were utilized simply as raw 
materials in a similar way to stone, bone and wood. 
During 4500 and 3500 B.C. certain metals, particularly 
copper, were extracted tram their native form in ores, 
made malleable by heat and mixed with other metals to 
form alloys, which laid the foxmdations of the vast metal 
Industry of today. Metals are still holding their 
universal ccHisnercial value and modem civilization is now 
dependent on the large scale use of a wide variety of 
metals. They are being utilized in various industries 
like agriculture, cosmetics, food processing, medicine 
and household purposes, etc. 
Out of 106 identified elements in nature, about 80 
are metals (Chandra, 1980}. Most of which are foxmd only 
in trace amounts in the biosphere and in biological 
materials. A metal in trace amounts (atnaller than 0*01 
per cent of the mass of the organism) may be essential 
when an organism fails to grow or show other signs of 
deficiency which may be cured by its substitution. 
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However, the same trace metal may beccwne toxic wh«i 
concentration levels exceed than those required for 
yfcorraal ftinctloning by factors varying between 40 and 
200 fold. However contents of essential elements 
required in the diet results in deficiency syndromes 
while excess may lead to toxicity. 
These facts are graphically shown in Fig. 1 (a) 
\diich illustrates the essentiality of trace metals as 
a dose response curve ranging from deficiency to 
oversupply. It is, therefore, of interest to note that 
all metals essential to life are toxic when supplied in 
concentrations in excess of the optiraisB concentration 
levels. 
Metals which have not been identified to serve any 
useful biologic function are referred to as nonessential 
(Fig. l b ) . However, the concept of essentiality is 
under constant reviews, an unequivocal classification is, 
therefore, impossible. 
Iron and aluminium, which find extensive applications 
in industjry and daily life, are also perhaps the major 
cc»Bponents of the earth's crust. Fortunately, the 
ecological consequences of the dispersion of these two 
elements in our living environment have not so far posed 
I a) ESSENTIAL (e.9. Cu,Zn) 
DEFICIENT I OPTIMAL | TOXIC 
I 
I 
b) NON-ESSENTIAL (Cd .Pb) 
TOLERABLE | TOXIC 
METAL CONCENTRATION 
Fig. 4.3 and b. Deficiency and oversupply of 
essential and nonessential trac« elements (modi-
fied after Baccini and Roberts, 1976) 
any serious health problems. On the other hand, there 
are atleast some twenty metals or metal like elements 
which do give rise to well-recognized toxic effects in 
man and his ecological associates. These elenents 
include arsenic, antimony, berrylium, cobalt, chromium, 
lead, manganese, mercury, molybdenum, nickel and tin. 
The available information on metal toxicity as it 
relates to hximan beings, is derived mostly from health 
surveys among workers engaged in mining and] processing 
of these metals. From the point of view of environmental 
degradation cadmium, lead, mercury and arsenic have been 
the source of major concern. In the recent past outbreak 
of Itai-Itai disease in Japan following the consumption 
of rice containing high levels of cadmium, the Minamata 
disease caused after eating methyl mercury contaminated 
fish, and lead poisoning in children who licked toys 
painted with lead-based paints have dramatised the ill 
effects of environmental pollution by toxic metals. 
These metals, to a large extent are disposed in the 
biospihere through industrial effluents, organic wastes, 
refuge burning, transport and power generation. Industrial 
smoke containing arr-senic, nickel, cadmium, etc., is a 
potential source for multimetal contamination of the 
biosphere. Thus, man is sim\iltaneously exposed to a 
complex mixture of elements through food, water and 
air. In the case of these metals with no biological 
role, however, animals have generally failed to develop 
a similar homeostatic defence. Consequently, even small 
amounts of such toxic metals as lead, merctiry and cadmium 
are absorbed and readily accumulated by the organism. 
Thsse metals, therefore, tend to be cumulative poisons. 
The tendency for accumulation is reflected in the long 
biological half-life for these metals in man - 1460 days 
for lead, 280 days for arsenic, 200 days for eadmitan and 
70 days for mercury, A long biological half-life can 
obviously be an important factor influcting the toxicity 
of metals. It is, therefore, essential to evaluate the 
biological effects of metal interactions in animals 
coexposed to either two or more metals. 
Simultaneous exposure to, and absorption of, arsenic, 
cadmium and lead can occur in primary lead smelters. In 
copper smelters using the retort process would have 
exposures principally to zinc oxide fumes with much lesser 
accompanying concentrations of cadmitim and lead. Workers 
in lead refineries may have simultaneous exposure to lead, 
silver and zinc^to lead and antimony and to lead and 
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t«llari\im. Welding, brazing, silver-soldering and flame 
cutting of non-feipous alloys or coated steels could 
create simultaneous exposure to lead, cadmium, copper, 
tin, zinc and iron. 
The interactions between two metals, which can b« 
either synergistic or antagonistic. Implies that the 
behaviour of one is changed by the presence of other. 
Synergism occurs when the effect or response of the 
combined exposure is greater than additive, i.e., the 
teratogenic effect seen in animals from the combined 
injection of cadmium and lead is greatly enhanced compared 
to the effects observed after the administration of either 
of these metals alone. 
Chronic copper poisoning of sheep in Australia 
revealed that copper rentention was dependent on the 
molyl^ dentim status of the diet, which in turn was depen-
dent upon the inorganic sulfate status of the diet and 
the animal (Underwood, 1971)• This impressive discovery 
was followed by further relations that there are 
interactions among trace elements such as reciprocal 
copper-zinc antagonian. In other words, copper toxicity 
or deficiency in animals is not merely dependent upon 
copper, intake, but also upon dietary levels of ainc, 
iron and calcium. 
Zinc and seleniiim have been shown to protect the 
animals from the toxic effects of cadmium and mercury 
respectively. Zinc and selenium salts did not protect 
rat testis from the toxic effects of aadmium when injected 
locally along with cadmium. However, when administered 
subcutaneously, these salts were found to protect testis 
from cadmitan toxicity. It was thought that zinc and 
selenium when administered intratesticularly failed to 
reach the internal spermatic arterypampiniTform plexus 
region, a primary site for the action of cadmitim (Kar and 
Karaboj, 1965). 
Administration of manganese to iron deficient 
aaimals leads to marked damage to the brain and some 
other organs which have been due to significant absor-
ption and accumulation of manganese in the iron deficient 
animals (Shukla and Chandra, 1976), The toxic effects of 
manganese in combination with copper has been investigated 
on the brain of mice. Combined exposure to the two metals 
produced marked accumulation of copper in brain and altered 
the levels of brain tirytophan and 5-hydroxytryptaraine to 
a greater extent than with any of the single exposure. 
It is of great concern since the combined exposure of 
these two metals, even in permissible limits, may produce 
serious brain dysfunction (Chandra et al, 1980). 
The toxicology of some of the potentially toxic 
metals in the environment, to which man may be 
simultaneously exposed, is being briefly reviewed, 
LEAD : Lead is the most abundant of heavy metals in the 
earth's crust and also is one of the oldest metals • 
. used by mankind. The important lead minerals are 
galena (lead sulfide), cerruslte (lead carbonate), 
anglisite (lead sulfate) and also found in crocoisite 
(the chromates) wulfenite (the molybdate), pyromorphite 
(the phosphate), matlockite (the chloride) and vanadinite 
(the vanadate), There is a certain natural backgroxwid 
concentration of lead in the physical and the biological 
environment due to its mobilization and dissemination 
frcH« these deposites. The major lead raining countries 
are United States, USSR, Australia, Canada, Peru, Mexico, 
China, Yugoslavia and Bulgaria. 
Lead is a bluish grey metal with a bright metallic 
lustre when cut. In moist air it becomes coated with a 
film of an oxide, ultimately converted into basic 
carlDonate. It is fairly rapidly dissolved by nitric acid, 
and is soluble to some extent, in organic acids and in 
water; if the water holds nitrates, anmonitjm salts and 
carbon dioxide in solution. The presence of carbonates 
n 
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from limestone or chalk prevents this process by the 
formation of a film on the interior of the pipes, which 
protects the lead from further action. 
Atomic weight, 207j specific gravity, 11.25 - 11,4; 
melting point, 327*C; boiling point, 1620»C. The 
maxiraxim allowable concentrations* metallic lead, 0,2 mg 
per cm; lead arsenate, 0.15 mg per cm; 
Lead is extensively used in printing, manufacture 
of paints, water pip«s, storage battery, pottery and 
soldering operations. Besides it is used in the manufa-
cture of litharge rubber, insecticides^ plastics, various 
alloys and also in ch^nical industries. Tetraethyl lead 
/^hiC^a^) . ^ is the chief organic C(Mnpound used, as an 
anti-knock additive to motor fuels. It gives rise to a 
syndrcMne of intoxication quite different from that of 
inorganic lead and is considered hazardous during the 
process of manufacture of mixing with motor fuel. 
Lead is net among the essential metals for the 
biological system and it ia classified by Schroeder (1957) 
as "one of the trace metals with organic specificities*'. 
It is present in all organs and tissues. The bones 
contain the highest concentration, but the actual amounts 
vary considerably according to various investigations. 
Among the soft tissues liver and kictoeys contain the 
largest amounts. 
Absorption of inorganic lead by the skin is not 
generally of great significance though, according to 
Patty (1958), lead acetate and lead oleate can be 
absorbed in appreciable amo\mts. Lead tetraethyl, on the 
other hand can enter through the skin both in liquid and 
vapoTir form (Marchenko and Beilikhls, 1946). 
Lead poisoning can give rise to a variety of 
chemical syndromes in man depending on the chwnical 
nature, dose and lengths of lead exposure. An early 
clinical manifestation of lead poisoning is anemia, 
along with other syraptCMns of poisoning like acute abdomi-
nal colic and syndrome of acute encephalopathy. 
Occasionally, children come with the history of progressive 
mental retardation and deterioration. Prolonged exposures 
can cause convulsive seissures, severe CNS depression and 
death. It is now well established that some degree of 
residual mental retardation results after chronic lead 
poisoning. 
A nximber of cases of lead poisoning have been 
reported from the lead based industries in various parts 
of the world, A case of acute lead poisoning has been 
iy 
reported in a groups of workers cleaning a petroletm oil 
tank. Banerji (1950) reported 46 out of 189 workers in 
printing presses and soldering operations to be suffering 
from lead poisoning as judged by lead content in the blood 
and high basophilic count in RBCs, An environmental-cum-
medical study in the storage battery industry in 1951-52 
showed that the working conditions were extreanely \insa-
tisfactory and that lead concentrations exceeded the 
threshold limit values in most cases. Fifty two cases of 
early lead poisoning were detected as indicated after the 
estimation of urinary and blood lead and porphyrin tests 
(Kale, 1957) . 
anaall doses of lead nitrate administration in rats 
produced loss of weight* hemoglobin<^ §tnia and rise in body 
t®nperature, while with higher doses hematuria and loss 
of body weight were observed in addition to the toxic 
effects observed after low doses. Most of the signs and 
symptoms produced in the experimental animals were vwll 
correlated with those observed in human cases of lead 
poisoning (Patel, 1966). Acute doses of lead in experimental 
animals produced severe anenniay however* the cell count 
did not fall to the same relative extent as haemoglobin. 
In acute lead toxicity, the size of red blood cells tends 
tx> enlarge and they are also more resistant to hypotonic 
solutions than cell from normal animals. Ranges of 
hypotonicity have been suggested as parameter to distin-
guish between RBC'a of lead treated and non-Dead treated 
animals and the test of excessive occupational exposure 
of lead (Chatterjee, 1977). Marked increase in the 
activities of renal pyruvate carboxylase, fructose,1, 
6-dipho3phatase, and glucose 6-phosphatase was produced 
in rats treated with acute doses of lead (Stevenson et al. 
1976). 
Prolonged administration of small doses of lead 
chloride intraperitoneally in rats markedly reduced liver 
glycogen and increased the concentrations of serum xirea 
and blood glucose along with a decrease in liver weight 
by approximately 35 per cent (Singhal et al. 1973). 
The effect of lead on henae-biosynthesis has been 
long recognized. ^ -aminoievulinic acid dehydratase, 
regulatory enzyme in the heme biosynthesis has been shown 
to be markedly Inhibted during lead exposure (Hemberg 
and Nikkanen, 1972). This inhibition results in excessive 
excretion of S-ALA. Recent studies have shown that lead 
exposure in man and animals results in highly significant 
depression of activity of coproporphyrinogen oxidase 
1 '•> 
within the mitochondria (Campbell et al_, 1977), 
Ferrochelatase has also been sho\m to be inhibited by 
lead and may contribute to sideroblastic types of anemia 
and to the marked rise in protoporphyrine synthesis. 
Lead salts are also knovm to produce serious 
derrangements in the central and peripheral nervous 
syst€Bn, the symptans and signs of lead intoxication 
mainly depend on the ch^nical nature of the metal and 
period of exposure. It acts mainly through its effect 
on central neurotran«nftitter system. 
Lead is a potent neurotoxic metal. The metal has 
been reported to be a potent inhibitor of brain adeny-
late cyclase and it has been suggested that interference 
with cyclic-AMP metabolisn and its associated synaptic 
mechanism may play an important role in sane of the 
neurochemical (especially catecholminergic) manifestation 
of lead toxicity (Natthason and Bloom, 1975-1976). 
Several researchers have investigated the neuroch«nical 
changes in brains of animals treated chronically with 
lead. Hrdina et al. (1976) showed no changes in NE levels 
in brain of rats exposed to lead during early stages of 
their postnatal development while 13-60 per cent increase 
in whole brain or discrete regions were reported by 
several workers (Goeter and Muchaelson, 1975; Dubas et al. 
D 
1978; Sllbergeld and Goldberg, 1976). Lowered DA con-
centration has been reported in brains of lead treated 
rats (SGuerhoff and Michaelson, 1973; Dubas and Hrdina, 
1978), Chronic lead administration increased ACh level 
in cortex and diencephalon and also produced changes in 
metabolic enzymes, i.e., choline acetyltransferase and 
acetylcholinesterase activities but almost no change was 
reported in choline level (Modak et al. 1975a, 1975b). 
Studies on GABAergic system have indicated that lead 
produces no change in the levels of rat whole brain GABA 
or in levels of GABA in individual rat brain regions 
including brain stem and cojrtex (Michealson and Souerhoff, 
1974; Sobotta et al., 1975). The 14 days intraperitoneal 
administration of lead in rats produced significant 
decrease in contents of DA and 5-HT and increase in NE. 
The magnitude of alteration was dose dependent only for 
the level of 5-HT (Chandra et al. 1981). In view of 
increasing lead levels in the biosphere, the understanding 
of the mechanism of lead induced encephalopathy is of 
great significance particularly involving the studies with 
subclinical low level lead exposure and its effects on the 
biological system. 
MANGAMESS x Manfanese was isolated in 1774 by Seheela in 
Stockholm, though the oxide had been known since antiquity. 
It is widely distributed in nature as an oxide, sulfide, 
carbonate, silicate and in other ores. The chief countries 
supplying these ores are the USSR, South Africa, Ghana, 
Brazil, India, Cuba, Morocp, USA and Canada. 
Manganese obtained by distillation of the crude 
metal is whitish-grey with a silvery crystalline fracture, 
the electrodeposited metal is silvery-white, hard and 
bristtle. It has AtcMnic weight 59,93? specific gravity, 
7,44y melting point, 1244"C; boiling point 2150*C. 
Manganese is used for the manufacture of ferrcMnan-
ganese alloys and in non-ferrous industries, in dry cell 
batteries as MnO,. Metallic manganese is coated in the 
electrodes of welding rods and fluxes of iron and steel. 
Manganese is also used in production of zinc by electro-
lysis* manufactTiring of pigtients, paints, glass, ceramics, 
phorographic material, inks, as a wood preservative and in 
fertilizers. Manganese is used in chemical manufactures 
especially potassium permanganate. Organic manganese 
compounds are used as additives in gasolin, fuel oil and 
diesel. 
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Manganese is essential for the nutrition of both 
plants and animals. The highest amount of manganese is 
present in liver, kidney and bone. Pore and Mortan (1952) 
gave the average figures for a wide variety of animal 
species as 2,5 ppra for liver, 1,2 ppm for kidney and 
3,3 ppm for bone {w«t tissue). Brain had a relatively 
low consent 0.4 ppn in rabbits. 
In mammals manganese, being an essential element, 
deficiency causes lack of growth, abnormalities of bone 
and of reproductive function and symptoms of central 
nervous disturbance. 
Respiratory illness due to manganese exposure have 
been reported in literatiire but no documented report of 
mang;3nese pneumonia is available frcxn India. Evidence 
of occupational manganese poisoning was reported for the 
first time as early as 1837 in Prance in a few workers 
engaged in the grinding of manfanese ores (Couper, 1837), 
A definite relationship between epidemiological and 
clinical effects of exposure for manganese was established 
only in 1919 (Edsall et al. 1919). Since then several 
cases of chjronic manganese poisoning have been detected 
in miners, steel plant and foundry workers, workers 
enployed in dry cell battery manufacturing industries and 
in families consuming water with high manganese contents. 
Environmental studies indicated that the 
atoraospheric concentration of manganese was high at the 
time of tapping and at the manganese ore cxrushing plant, 
Balanl et al_. (1967) have also reported chronic manganese 
toxicity in India. Clinical and biochemical studies were 
conducted in few suspected cases of poisoning among under-
ground drillers in Balaghat and Ukwa mines near Nagpur. 
On the basis of neurological examination, the cases were 
divided into three grades of poisoning, mild, moderate 
and severe* A significant increase in serum calcium and 
adenosine deaminase levels were observed in the cases of 
mild and moderate grade of poisoning^ respectively. In 
a Case of severe poisoning, the increase in serum calcitim 
was two fold and that of ac^osine deaminase three-fold of 
that in volunteers who served as controls. No relation-
ship could be established betv/een the period of exposure 
to manganese and severity of poisoning* It was suggested 
that the serum calcixam levels could be of significance in 
detecting manganese poisoning in its early stages, "^e 
bhange in adenosine deaminase did not occur until moderate 
grade of poisoning had developed (Chandra et al. 1974). 
The metabolism of iron and manganese is closely 
inter-related. Iron deficient animals accumulate more of 
• ; 
manganese in their liver, kic3ney and testis (Chandra and 
Tandon, 1973). Daily intraperitoneal administration of 
manganese to rats maintained on iron deficient diet 
produced marked alteration in the activity of succinic 
dehydrogenase, manoamine oxidase and in the morphology 
of liver. Iron deficiency is thus one of the major 
metabolic determinants, responsible to render as individual 
susceptible to mangjinese poisoning (Chandra and Shukla, 
1976) . 
Acute toxic effects of manganese were investigated 
on the brain by injecting aq. solution of manganese salt 
in the sub-arachnoid space of the rats on the asstimption 
that manganese produces neurotoxicity after crossing blood 
brain barrier. Minor changes were seen in the cortex 
after two weeks of exposure without any effect on the 
region of basal ganglia, ^ i s indicated the involvement 
of the only cortex during the initial stages of toxicity. 
Damage to the extrapyramidal system iresulting in typical 
neurological syndrome of manganese poisoning presumably 
requires prolonged exposure (Saxena, 1967). The 
administration of manganese chloride into the lateral 
ventricles produced excitability manifested as convulsions. 
These disturbances were fo\md to be associated with 
scattered neural changes in the cerebral and cerebellar 
cortex (Chandra and Sur, 1970). The above neuronal damage 
increased with duration of exposure was correlated with a 
concc«nitant increase in the accumulation of the metal in 
the brain (Chandra and Srlvastava^ 1970). 
Histochemical studies in intratrachealy manganese 
chloride administered rats for chronic effects showed 
marked reduction in the activity of acid phosphatase and 
adenosine triphosphatase in the degenerated neurons whereas 
activity of alkaline phosphatase and 5'-nucleotidase remain 
unaltered. This was acccsmpanied by widespread neuronal loss 
and neuronal degeneration in the cerebellar cortex, caudate 
nucleus/ putamen, substantia nigra and cerebral cortex. 
These changes were thought to be responsible for the 
neurological signs in animals (Chandra, 1972) • 
To understand the mechanism of neurotoxic effects of 
manganese certain neurochemical studies were conducted. 
The levels of DA and NE were found to decrease significantly 
in brain of experimental aniiaals exposed to MnO_ (Mustafa 
and Chandra, 1972). The Jkiterations in the level of neuro-
transanitter may also be a function of the activity of enzymes 
involved in the metabolism. Activities of acetylcholine-
sterase and adenosine deaminase were significantly reduced 
in cerebrum, cereb«ll\im and in rest of the brain while the 
activity of MAO was increased in the cerebellum in manga-
nese exposed rats. Experiments conducted (Seth et al. 
1977) in adult animals showed that brain contents of DA 
and NE increased markedly during early period of manganese 
Ijoxicity. Early changes in the neurochemicals in the brain 
of manganese intoxicated animals were found to be due to 
the enhanced tximover rate of catecholamines as indicated 
by the increased conversion of labelled (3, 5- H) tyrosine 
to H labelled catecholamines and increased rate of 
decline of endogenous DA and NE following inhibition of 
synthesis by the administration of -<1-methyl-p-tyrosine 
(Shukla and Chandra, 1979). The catecholamines and the 
activity of MAO were meastired in corpus striatum at diffe-
rent time intervals up to a period of 360 days. The con-
tents of tyrosine in the corpus striatum and senim were 
also estimated. Manganese treatment produced an inital 
increase in the contents of DA, NE anS tyrosine in corpus 
striatum but later it was followed by a period when con-
centrations were almost constant. Thereafter the levels 
of these contents were decreased significantly at 300 and 
360 days treatment. Initially, there was an increase in 
MAO activity. However, no change in the activity of the 
enzyme after 180 days treatment was observed until the 
w J 
termination of experiment (Chandra and Shukla, 1981). 
Inspite of several reports on the neurochemical changes 
in Mn intoxication the mechanism of manganese induced 
neurotoxicity remains to be clarified, 
CADMIUM : Cadmitan was first isolated in 1817 by strohm 
Strohtneyer of Gottingen after observing yellow tinge in 
a sample of iron-f^e zinc carbonate. It occurs in nature 
as Cadmium blende (CdS), The main source is zinc and lead 
ores, and hence it is obtained as a by-pix>duct frcro the 
refining of these metals. Cadmium is a white metal with 
a bluish tinge, atomic weighty 112.41; specific gravity, 
8.65; melting point, 321*'C> boiling point 770"C. 
Cadmltjm has been used in a number of indxifltrial 
processes, e.g., in electroplating, in the manufacture of 
pigments, paints and glass, as stabilizer in plastics, in 
welding electrodes and as insecticides for fruits. As 
copper-cadmixim alloy, it is used in automobile radiators, 
nuclear reactors as neutron absorber. Cadmium may also 
serve as an electrode ccwnponent in alkaline accumulators. 
Isolation of Cadmium was followed by the discqery 
of its acute toxic effects on gastrointestinal tract and 
Ixangs (Sovet, 1858? Wheeler, 1876). But it was not until 
• J -. 
1948 when Frlberg (1948 a, b; 1950) conducted several 
biochemical and toxicological studies that the specific 
features of chronic eadmium poisoning in industrial 
workers gradually became recognized. He noted ®nphysema 
and renal damage characterized by excretion of low mole-
cular weight proteins in workers exposed to CdO dust over 
long periods in an electrical battery plant. Reports of 
extensive non-industrial exposure to cadmium emerged only 
in the last decade with the outburst of a unique disease 
called "Itai-Ital Byo", The main features of the fully 
developed syndrcmie include severe pain in the bones, amino-
aciduria, glycosuria, altered pancreatic fxinction and 
severe ostecsnalacia. 
The primary routes of cadmitan intoxication are 
exposure through contaminated air, food and water, 
inhalation, however, is the major route of intoxication 
due to efficient absorption and retention of Cadmium 
through the respiratory tract, On«e cadmium is absorbed 
into the body, its excretion is very slow, thus resulting 
in accumulation of cadhiium with increasing age. 
In normal humans, the kidneys and liver contain 
about 50 per cent of the total body burden of cadmium 
(Friberg et al. 1974). Similarly in experimental animals. 
r. .-J 
over half of the absorbed c; dmliim is retained in the 
kidneys and liver. In liver, cadmium produces distur-
bances in carbohydrate metabolism as evidenced by a 
decrease in aldolase activity and glycogen levels together, 
with an increase in phosphorylase a activity of the hepatic 
tissue (Stowe et al,. 1972; Spom et al,. 1970). Chronic 
treatment of C<fK:i- significantly elevated the concentration 
2 
of blood glucose and urea but it failed to show any 
alteration in the activities of hepatic gluconeogenic 
enzymes. However, when treatment was further extended, a 
significant rise in pyruvate carboxylase, phosphoenol-
pyruvate carboxykinase, glucose-6-phosphatase was observed 
(Meraii et al. 1975). Evidence indicates that there is a 
close relationship between altered kidney and liver fun-
ction and changes in the gluconeogenic capacity of these 
two tissues (Goodman et al. 1966). It has been suggested 
that glycosuria is a consequence of lowered renal threshold 
to glucose (Axelson and Piscator, 1966), However, the 
mechanism involved in the mainl^nce of normal or elevated 
blood glucose levels, despite the increased loss of glucose 
through the urine, have not yet been fully clarified. 
The prominent effects of cadmium on testicular tissue 
are well recognized. Alsberg and Schwartze (1919) had 
noted that administration of eadmitiin salts in animals 
0 1 
Caused "blxiish discoloration of the testicles". Parizek 
(1957) thoroughly studied the destructive effects of 
cadmium on testicular tissue. The sterilizing effect of 
Cadmium is very rapid and animals may become permanently 
sterile as early as 24 hamrs after injection (Parizek and 
Zahor, 1956; Parizek, 1957). The damage to seminiferous 
tubules may be related to cadmium induced circulatory 
disturbances. The entry of cadmium into the capillary 
endothelial of testis and its ability to damage endo-
thelial cells has also been demonstrated (Mackawa and 
Tsuglnenari, 1967). The injury of endothelial is subse-
quently followed by an increase in the vascular permea-
bility resulting in a decrease in blood flow and the 
failure of blood vessels to fill adequately (Gunn and 
Gould, 1975). One out of a few biochemical stu<iies 
conducted on Cd-induced vascular injury shows a decrease 
in succinic dehydrogenase activity of internal spermatic 
artery-pampiniform plexus 4 hour after cadmium administra-
tion (Pyere et al. 1978). In contrast, alkaline phos-
phatase in testicular capillaries increased markedly 
(Mackawa et al. 1965). The possibility that alkaline 
phosphatase provides free energy for selective permeability 
in mature testicular capillaries is computable with the 
normal increase in its activity during maturation as active 
l^ ^ 
transport decreases and the abnormal Increases in its 
activity after cadmium injury (Maekawa et al. 1865, 
Gunn and Gould, 1975) which occurs at the same time as 
the loss of permeability barriers. 
Marine (1867) was one of the first to COTBment on 
the nephrotoxic effects of cadmium in animals. However, 
it was not until the mid 1900*s that effects of eadtoiium 
on human renal function began to be recognized. In 1950, 
Priberg investigated a group of industrial workers 
chronically exposed to Cd© dust and fo\uid that there was 
a high incidence of kidney damage in these workers. 
Prolonged exposure to cadmitim produced renal damage 
reflected by proteintiria and decreased ability to ccmcen-
trate the urine (Priberg, 1950). The proteinuria was 
characterised by the presence of relatively onall albtsnia 
fraction and dominance of proteins with mobility e>C -# 
/i - and Y - glubulins in paper electrophoresis (Butler 
and Plynn, 1961; Piscator, 1966 a). Several studies on 
renal damages are predominantly tubular. However, there 
are some reports in the literature indicating that Regene-
rative changes take place even at glomexrular level (Bonell 
et al. 1960) • On the assumption that destjruction of renal 
cells would result in a release of their cellular enzymes 
tn the urine. Nomiyama et al_, (1973) conducted 
experiments to investigate the progression of cadmium 
induced renal damage by monitoring excretion of various 
enzymes. In rabbits subacutely exposed to cadmium Increases 
in excretion of protein, ALP and ACP were fo\md to be early 
warning signs, suggestive of proximal tubular injuries. On 
the basis of several experiments Ncnniyama et al. (1975) 
suggested that early signs of cadmium intoxication can 
be defected by determining excretion of amino acids and 
enzymes. Proteinuria and glycosuria indicate a later 
stage of cadmium intoxication. 
Predominantly cadmium accumulation in kidney cortex 
has been thought to be due to reabsorption of metallo-
thionein in renal tubules (Piscator, 1964, 1966 a, b), 
Metallothionein is a metal binding protein, the synthesis 
of which can be induced by cadmium (Webb, 1972y Syversen, 
1975). Prom Karolinska Institute a hypothesis ha^l^en 
advanced suggesting that when nK}re cadmium accumulate<S th«n 
can be bound to a metallothionein, cadmium exchanges with 
zinc in enzymes necessaxry for reabsorption and catabolism 
of proteins (Priberg et al. 1974). Leucine amino peptidase 
is one such Zn~dependent enzyme which plays a role in the 
renal handling of proteins. Interestingly, Chiappino et al. 
(1968) found inhibition of leucine aminopetidase activity 
9 ] 
in renal cortext of cadraitiin treated rats and rabbits. 
Another possible site of action of cadmium could be at the 
level of phospholipids. Cadmitim has been shown to interact 
with phosphalidylethanolamine and phosphatidyl serine 
monolayers and is effective in expanding them (Suzuki and 
Matsushita, 1968). Such an interaction at the membrane 
level could provide a potential biochemical basis for the 
toxic effects of cadmium in mitdchondria and kidney tubules 
(Vallee and Ulraer, 1972) . Since cadmium is known to inhibit 
sulfhydryl enzymes in vitro (Gomes et al. 1969), such an 
interaction could result in modification of blockade of 
the cellular metabolic activity. Although several models 
of elucidation for the mechanism responsible for the 
nephrotoxic effect of cadmium seem to exist but precise 
mechanism for the renal injury still remains obscure* 
Some of the earlier workers such as De Simone (1893) 
postvilated a direct toxic action of cadmiuun on the central 
nervous system. Gabblani (1966) reported lesions in spinal 
sensory ganglia of animals indicating the importance of age 
with respect to central nervous system site of cadmium 
toxicity. This is of interest that data by Luc is et al_. 
(1972) indicate that cadmium penetrates blood-brain-barrier 
with mors ease in fetal rats. However, cadmitim has also 
1 
been demonstrated to accumulate in adult brain (Stowe 
et al. 1972). Due to this accumulation of cadmium in the 
brain it has been reported that cadmium is able to alter 
neuronal function (Rozear et al. 1971), neurochemical 
levels. It, therefore, led the researchers to examine the 
consequences of chronic cadmitim treatment upon the levels 
and metabolian of various biogenic amines in the rat brain. 
In the rats exposed chronically to cadmium (1 mg/kg) for 
30 days the regional determination of various biogenic 
amines revealed that v^erease DA levels in the mid-brain 
and striatum were relatively unaltered, the levels of this 
amine was increased by 30 per cent in the hypothalamus and 
ponsmedulla. In contrast, although NE levels in mid-brain, 
ponsmedulla and hypothalamus were significantly elevated, 
NE concentration remained \maltered in the striatum. 
Cadmium chronic exposure also seemed to increase to fcurn-
over of 5-HT. Although 5-HT levels in mid-brain, pons-
medulla and striatum seemed to r«nain relatively unaltered, 
the levels of its major metabolite, 5-HIAA, were markedly 
elevated in all three regions examined. The concentration 
of 5-HT in the hypothalamus was significantly elevated 
5-HT is synthesized from tryptophan with the aid of « enzyme 
tryptophan hydroxylase (TPH). In mid-brain, the increase 
in TPH activity and elevation of 5-HIAA levels may also 
1 '^  
indicate increasedrate of 5-HT turnover in this region 
(Rastogi et al_. 1977) . In addition, whereas acetyl echo line 
(ACh) and DA levels were unchanged, the endogenous levels 
of NE were significantly increased (Goiter and Michaelson, 
1975). Ribas-Ozo0ias et al. (1974) studied the effects of 
ventricular administration of cadmitam on 5-HT and 5-HIAA 
levels of several regions of rat brain. 5-HT were deter-
mined 60 minutes after the administration of a single dose 
of various cadmitim concentrations. They found that con-
centration of 5-HT increased in hypothalamus, medulla, 
oblongata, mesencephalon, thalamus, cortex and cerebellum 
as a function of the dose concentration. Whereas the 
5-HIAA levels increased in all regions as a function of 
supplied dose, 5-HT concentration after decreased 600 mg. 
dose of cadmium. The initial decrease in 5-HT concentration 
was due to a nonspecific union between small doses of 
cadmium and the enzymatic system which synthesizes 5-HT, 
whereas the increase following high doses seem to arise 
from its interaction with the active group of aromatic 
amino acid of decarboxylase. 
These studies indicate that cadmitira produces signi-
ficant alterations in the metabolism of central NE and 5-fn'. 
In contrast, the changes in endogenous levels of DA were not 
quite as marked. To what extent these changes reflect the 
Oi r-. 
damage to central nervous system remains to be eliicidated, 
BIOLOGICAL INTERACTION OF METALS 
"The word 'interaction* is a process by which metals 
in their various forms change the critical concentration or 
a critical effect of a metal under consideration"{Task 
Group on Metal Toxicity, 1967). Heavy metals are dispersed 
in the biosphere through industrial effluents, organic 
wastes, refuge burning, transport and power generation. 
Industrial smoke containing arsenic, antimony, copper, 
lead, manganese, nickel, etc., is a potential source of 
muttimetal contamination of the biosphere. Metal ores 
invariably contain guest elements, and, as a resxilt, there 
can be little doubt that metals in contaminated environment 
never occur singly but in association with other "congener" 
metals, e.g., zinc could not be mined and moved without 
moving cadmium and to a lesser extent lead, antimony, arsenic 
and indium. Thus man and animals are exposed simultaneously 
to a complex mixture of metals through food, water and air. 
One metal may antagonize or synersize the effect of other 
metal in the biological system. It is, therefore, essential 
to investigate the biological effects after combined 
exposure to multi metals. 
3;] 
A brief review on the biological effects of 
interaction among lead, manganese and/or cadmium is 
being presented. 
Combined administration of manganese, with zinc or 
cadmium or mercury to the rats for a period of thirty days 
showed significant changes in the accumulation of these 
metals in the brain, liver and kidneys indicating that 
metabolic interaction occur among wide range of elements. 
Marked alterations into tissue contents of manganese, zinc, 
mercury and cadmium after their conbined exposure may be 
reflection of changes at the absorptive sites or changes in 
the excretory pattern of the metal (Shyam Lai etoad. 1980). 
Supplemental manganese, 12 mg kg diet, caused a small increase 
in the uptake of cadmi\3ro in the Jejunum^laam ia young 
Japanese quail fed 0.145 mg Cd/kg of diet (Jacob and Pox, 
Personal Cortununication, 1977). Manganese has no effect upcm 
the iamount of cadmium present in the liver or kidneys. 
Shroeder and Nason (1974) reported that cadmium appeared to 
increase hepatic and renal concentrations of manganese. 
Information on lead interactions with caAnium is 
limited. Observations in rats fed 200 pjaa Pb, 50 pjaa Cd 
and As (inorganic and organic) in various ccanbinations have 
revealed a number of possible interactions (Fowler and 
Mahaffey, 1977, 1978). For example, excretion of ALA was 
increased in animals fed lead and arsenic compared to lead 
alone, while excretion was less in animals given cachnium 
with lead. Other evidence of a decrease in lead effect 
in animals simultaneously given cadmium were a decrease 
in intranuclear inclusions in renal tubular cells and a 
decrease in serum uric acid. It was suggested by the 
authors that these effects of: cadmium on lead toxicity 
might have been due to a toxic effect of cadmium on the 
intestinal mucosa. A study of renal elearance of low and 
high raol. wt. proteins in woricers exposed to cadmium and 
lead simultaneously did not suggest an additive or syner-
gestic effect of lead and cadmium on proteinuria (Poels 
et al. 1978). In rats fed high level of lead and cadmixim 
a significant decrease in serum copper and ceruloplasmin 
secured (Murthy et al. 1975). 
Zielhuis et al_. (1978) observed increased manganese 
levels with increasing blood lead levels in young children 
and occupationally exposed male workers. A similar rela-
tionship has been found by Delves, Bicknell, and Clayton 
(1973). While simultaneous exposure to lead and manganese 
cannot be excluded, the findings suggest a relationship 
between lead and manganese metabolism. The magnitude of 
lead accumulation in the brain after simultaneous exposure 
0-} 
to manganese and lead was much greater than observed after 
the treatment with lead alone, however, the presence of 
lead could not produce greater Increase in manganese accu-
mulation in the brain than seen after exposure to manganese 
alone (Chandra et al^ , 1981) • Groups of rats were opposed 
simultaneously to manganese and lead. The magnitude of 
changes in the contents of DA, NE and 5-ffr and accumulation 
of lead in the brain of rats simultaneously exposed to 
lead and manganese was significantly greater than observed 
in rats after exposure to either of the metals alone 
(Chandra et al.. 1981). 
For an adequate evaluation of the possible effects of 
interaction of metals on the health of exposed workers/ a 
working knowledge of the mechanism and types of interaction 
in the organism is necessary. The mechanisms tinder lying 
the combined interactions are ccanplex and detailed investi-
gations at the molecular level are essential to pinpoint 
initial leasion. Therefore, the effect of interaction of 
metals on the transport ATPase has been Investigated. 
The sodium potassium dependent adenosive triphos-
4* 4-
phatase is an integral part of Na and K pun^. It is 
responsible for the active transport of Na out of, and 
K"*^  into, the animal cells (Dahl et al,. 1974) to regulate 
n '••i 
to regulate the cellular physiology. The active transport 
+ 4-
of Na and K occurs at the expense of ATP hydrolysis by 
+ + Na , K - ATPase system which is a cyclic reaction as 
followsi 
^1 
^1 
^2 
^2 
• ATP 
P 
P + 
.,__ , 
• -
--. 
H^O 
+4 
Na"*" 
ouabain 
^ 
^1 
''?. 
^2 
^l 
P + ADP 
P 
+ Pi 
(i) 
(ii) 
(iii) 
(iv) 
Step (iii) represents a mean to measure the K— 
induced and ouabain inhibitable dephosphorylation of the 
enzyme plK>sphoryl intermediate E.-^P, By using P-
nitrophenol phosphate* carbamyl phosphate or acetyl plKss-
4. 
phate as substrates, a K— induced* ouabain sensitive 
phosphatase activity (Ortho~phosphoric monoester phospho-
hydrolase EC 3,1,3J1) (K - PNPPase) has been detected in 
Na , K -ATPase preparations of brain (Cooper and Mc 
Ilwain, 1967; Sachs et al. 1967; Foimbyr ' and Clausa», 19lfe) 
erythiroGyte membrane (Rega et al_. 1968), kidney cortex 
(Bader and Sen, 1966) and of other organs. Similarity in 
heat activation (Yoshida et al. 1969) and cross inhibition 
by the substrates (Bader and Sen, 1966) emphasize the close 
C 'i 
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relationship between K -activated phosphatase, i.e., 
K - P-nitrophenol plK>sphatase activity and the Na , 
K -ATPase system. 
Several reports have shown the effect of Pb , Mn 
++ .^ 4. 4-
and Cd on Ha / K -ATPase and its associated enzyme K -
PNPPase (BadeJT et _al. 1970; Hexum, 1974; Siegel et al,, 
1978; Tulker, 1979; Chetty et al. 1980). However, 
almost no work has been done on the effect of interaction 
of these metals on this enzyme. The alteration of these 
metals on this enzyme. The alteration in the activity of 
this enzyme eventually leads to the disruption of cellular 
physiology. The present study in this dissertation 
describes the effect of interaction of lead, manganese and 
cadmium on the activity of K -PNPPase in various fractions 
of rat brain. 
I I . MATERIALS & METHODS 
4 1 
Animals: ITRC bred adult male albino rats weighing 
160 +. 20 g each were used for present investigation. They 
were housed in stainless steel cages in an airconditioned 
roomi. They were supplied with pellet diet (Hind Lever 
laboratory Animal Feeds, India) and water ad libitum. 
Chemicals! The substrate P-nitrophenyl phosphate (PNPP) 
was procured from Sigma Chemicals Co, St, Lotiis* MO, VLShj 
Tris {hydroxy methyl) amlncwnethane was obtained from Loba-
Chemic Indoaustranal Co, Bombay, India; Manganese Chloride 
(MnCl ,4H_0) lead acetate and cadmiiam acetate and other 
chemicals used were of Anal R grade frcsn British Drug 
House, Bombay, India, 
Subcellular Fractionationt The whole brain of rat was 
quickly removed after decapitation and placed in an ice-
chilled sucrose solution. Brain tissue was homogenized in 
a Potter-Elvehjein type A homogenizer with a teflon pestle 
in sucrose solution and fractionation of the 10 per cent 
(w/v) homogenate was carried out as described by Koch (1969) 
Horaogenate was centrlfuged at fOO xg for 20 minutes to 
remove cell debris and nuclear fraction (P*). Supernatant 
(S^) was recentrifuged at 13,000 xg for 20 minutes to get 
a fraction (Pj) rich in mitochondria, Pj fraction was 
resuspended in sucrose solution as mitochondrial preparation. 
The post supernatant (S,) of mitochondrial fraction was 
recentrifuged at 1000,00 xg for 1 hour using MSE 75 ultra-
centrifuge. The microsomal (P-) pellets were resuspended 
in sucrose solution and kept at 0**C. 
Synaptosomes and myelin were separated according to 
the method of Cotman and Metthews (1971), A portion of the 
resuspended ?« fraction was applied to a 7.5 and 13 per cent, 
(w/v) Ficoll gradient in 0,32 sucrose solution and then 
centrifuged at 65,000 xg for 45 minute in a sweing out rotor 
using MSE 75 ultracentrifuge. Synaptosomal fraction was 
collected from 7,5 - 13 per cent Ficoll inteface while the 
myelin fraction was collected from 0.32 M sucrose ~ 7,5 
per cent Ficoll interface. Each fraction was diluted 10 
times with 0,32 sucrose and centrifuged at 17,000 xg for 
30 minutes. Pellets so obtained were resuspended in sucrose 
solution and kept at 0*C, 
All the operations were carried out at 0-4*C and 
0.32 M, i^ 7.5 ice-chilled sucrose solution was used. 
Enzyme Assay: K -p-nitrophenyl phosphatase activity was 
measured according to the method of Ahmad and Judha (1964), 
Each reaction tube contained in a final volume of 1,0 ml| 
100 itM Tris HCl, pH 7.4; 5 mM MgCl^l 20 raM KCl; 5 icM PNPP 
and enzyme preparation (20-30 rag protein). After all 
1 -; 
additions except PHPP were made, the reaction tubes were 
preincvibated at 37*C for 5 minutes. Rcactionswas started 
by the addition of PNPP and terminated after 30 minutes by 
the addition of 0,1 ml ice-col 10 per cent trichloro acetic 
acid. After 10 minwi«s the tubes were centrifuged and to 
the supernatant 1.9 ml of 1.0 N NaOH was added to develop 
the color. The extinction of p-nitrophenyl (PNP) was read 
at 410 nrausing SPEKOL 500 colorimeter, O.D.'s were compared 
4 
on a standard plot of PNP and K -PNPPase activity was 
expressed as M of PNP liberate<Vin9 protein/hr. In the 
presence of Mg**+ K minus activity in presence of Mg^* 
only. 
Protein Estimationt Protein was measured according to 
the method of Loweryet al> (1951) using borine serum 
albumin as standard. 
Studies with metals and the determination of IC^Q Valuest 
Various concentration of manganese, lead and cadmium which 
were used to determine the IC-^ values are as follows: 
100-1000 >IM of manganese in all subcellular 
fractions/ 20-80 )WW of lead and cadmium in microsomal 
fraction while 50-100 ;«*»M of lead and cadbnium in rest 
of three fractions. 
Effects of interaction among Pb, Mn/or Cd in Sttbcellulax 
fractionsI To investigate the combined effects of lead# 
manganese/or cadmium, in different cellular fractions very 
low concentrations which were used are as follows: 
Microsome SynaptosCTne Myelin FV-''*>iU:CaM 
Pb+Mn concen-
trations 
Pb+Cd concen-
trations 
Mn+Cd concen-
ipii) 
i}M) 
30+100 
30+20 
100+20 
60+100 
60+50 
100+50 
60+75 
60+60 
75+60 
. ' > ^ i i l . . 
o f 
/ '-'C r ;^, o 
trations ixfii) 
Nature of Inhibition, Km and Vmax Valuest To know the 
nature of inhibition and Km, Vmax values, different concen-
tration of substrate PNPP (0.25/ 0.50, 1.0, 3.0 and 5.0 itM) 
and cation K"*" (2.5, 5, 10, 15, and 20 raM) were used in the 
presence of fixed concentrations of lead, manganese and 
cadmium individually and in three possible corabinations. 
For the study only P--fraction was taken and 250, 70 and 
20 \iM of Mn, Pb and Cd respectively were used while in 
oorabination the concentration of these three metals were as 
fOllO%48t 
Pb 4 Mn 35 + 100 juM 
Pb + Cd 35 + 15 ;aM 
Mn + Cd 50++ 15 juM 
o J 
During the whole course of study the enzyme was 
preincubated with metals for 5 rain at 37^C and then 
reaction was started by the addition of substrate PHPP. 
I I I . RESULTS & DISCUSSION 
4-
The activity of K -PNPPase in raicrosoroes, synaptoscxnes 
and myelin fractions of brain tissue is 2,25, 1.89 and 3.65 
pH PSP liberated/mg protein/hr, respectively, as measured 
xinder optimal conditions. The addition of lead, manganese 
and cadmium alone inhibited the activity of this enzyme in 
these fractions, the inhibitory effect was concentration 
dependent in all the subcellular fractions (Figures 1,2,3). 
As evident frcan 10^-, values, microsomal fraction is more 
sensitive to the effect of lead and manganese. The micro-
scMiial, and synaptosomal fractions were almost equally 
sensitive to the effect of cadmium. Further, cadmium was 
found to be most toxic followed by lead and manganese in 
producing inhibition in the activity of K -PNPPase. The 
enzyme inhibition pattern with lead and cadmium was of 
sigmoidal type while with manganese it was of rectangular 
hyperlbola (Figures 1, 2, 3). 
Metal ions alter the cellular physiology by several 
possible mechanisms particularly by reacting with biochoni-
cal substances in the cells. In consequence, cellular 
functions are disrupted which ultimately manifest in an 
observed toxicological response in the animal tissue. 
Interactions of heavy metals with biologically important 
rooleciiles lilce enzymes render these metal ions as potent 
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Fig. 1, Percent inhibition of rat brain Pj- fractional 
K"*'-PllPPase by lead« manganese and caamiura. 
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Fig. 2 . Percent inhibition of rat brain synaptoaK»aal 
K -PffiPPase bf lead« manganese and cadmiuai. 
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Fig , 4 . Percent i n h i b i t i o n of rat brain myelin 
K -PNPPase by lead/ manganese and cadmium. 
1 •} 
enzyrne inhibitors. Interaction of metal ions with the 
cell meinbranv enzymes represent a general breakdown in 
the jjermeability of the membrane. Not only €X>es K escape, 
but other important biomolecules like amino acids and 
•ucl«»otides as well. Several reports have shown that 
certain metal ions are potent inhibitors of (Na -K ) and 
2 
Mg -ATPase activities in brain, kidney and liver tissues 
of animals (Prakash et al. 1973> Ting Ball et al,. 1973; 
Donaldson et al. 1971)• However, the mechanism by which 
these divalent metals inhibit Na -K -ATPase has not been 
determined although they are supposed to involve confor-
mational inter conversions of the enzyme. 
K -stimulated p-nitrophenyl phosphatase activity 
represents a means to measure the K -induced dephosphy-
lation of the enzyme phospheryl intermediate (E.-p)* a 
model for the phosphatase step in the overall Na -K -ATPase 
reaction (details in the section of review). Very few 
studies have been conducted on the effect of metal ions 
+ 
on the activity of K -PNPPase and almost no work has been 
done on the effect of interaction of toxic and essential 
metal ions on the activity of this enzyme to pinpoint the 
site at which metal ions effect on this enzyme to disrupt 
cellular functions. Inorganic lead in microraolar 
~i .J 
concentrations have been shown to Inhibit Electrophorus 
Electroplax K -p-nitrophenylphosphatase (Slegel and Fogt, 
1977), It has been suggested that the effect of lead may 
2+ 
arise from its action at a single independent Pb binding 
2+ 
site on the enzyme. Zn / in raicromolar concentrations/ 
+ 4-
has Iseen foiind to be an irreversible inhibitor of Na -K -
AT^&am, K -PNPPase and Na dependent enzyme phosr>horyla~ 
tion of Electrophorus electricus Electroplax (Gettelfinger 
and Siegel, 1978), Kinetic analysis of the interaction of 
+ + 
vanadate with the Na -K -ATPase indicates that vanadate 
acts an uncompetitive inhibitior. Since vandate does not 
inhibitCK -PNPPase* it was assumed that uncompetitive 
+ 2+ 
inhibitionatakes place at Na activated Mg dependent 
kinase (Wu and Phillips, 1979), The effect of lead on 
the inhibitoiry effect of K^-PNPPase in various subcellular 
fractions of the brain in our studies are in accord with 
previous reports of other workers. However, the inhibitory 
effect of Cd and Mn on the activity of this «nzyme In braia 
subcellular fractions is the first report of its kind. 
Although Cd is a potent inhibitor of brain ATPase (Rifkin^ 
1965), the present studies have provided significant clues 
towards the tmderstanding of the mechanism of Cd induced 
inhibition of transpori: ATPase. Although manganese has 
•4 
CQ 
o 
o 
44 
5 I 
04 
Pu 
(0 
•P 
(0 
0) 
B) 
(0 
a. 
I 
+ 
o 
+ 
CM 
u 
•o 
c 
(0 
+ 
c 
+ 
CM 
*M 
o 
o 
M 
•P 
> 
c 
o 
•p 
O 
O 
m 
s 
w 
o 
« 
o 
c 
>. 
w 
t - l 
E 
C 
(0 
m 
2 
m 
m 
E 
o 
m 
o 
•p 
& 
10 
G 
O 
• H 
•P 
u 
»w 
I 
<M 
0 , 
o 
u 
(0 p 
s 
+> I 
C -H 
V-ri C 
w ^ o 
9i C-ri 
O^-H -P 
o 
C 
o 
o 
(0 B 
«» 
s 
+> I 
C -H 
« A 
M £ O 
© C -rJ 
O 
G 
o 
o 
(0 3 
4JT-I 
a) A 
Mx: o 
CU -H 4J 
u 
G 
O 
O 
• P ^ 
« 
GO in in so 
ON 
00 
00 
o m o 
^0 
tn 
+ 
o 
o 
+ 
o 
\0 
o 
to 
+ 
tn 
ON 
04 
O 
m 
o 
o o 
CO 
tn 
o 
o 
t - l 
+ 
o 
o 
+ 
o 
CFV 
o 
M + 
O 
o 
CM 
CJ 
in 
f»i 
in 
1-4 w %D 
0 
0 
r-4 
VO 
CO 
0 
»0 
0 
0 
«H 
0 
tn 
0 
0 
*H 
+ 0 
\0 
0 
tn 
+ 0 
VO 
0 
in 
+ 0 
0 
r-t 
o 
m 
o 
in ON 
00 
CO 
fit) 
•p 
« 
0 
«*> 
IS 
+ 04 
A 
a< 
0 
0 
rH 
+ M 
(3 
S 
0 
m 
+ « 
•0 
U 
0 
0 
TH 
+ 0 
»»> 
+ 
M 
C 
s 
4-
+ 01 
A 01 
0 
m 
+ 0 
m 
+ 
Ci 
•0 
U 
+ 
+ C4 
A 
04 
0 
tn 
+ 0 
0 
r-i 
+ 
Ol 
•O 
U 
+ 
+ p« 
G 
X 
tia 
+ •+ been shown to have little effect on brain Na -K-ATPase, 
it has been found to be a nvoderate Inhibitor of K -PNPPase 
(165^-490 «M). 
The data in Table II SIIKDW the effect of interaction 
of lead, manganese and cadmium on the activity of K -
PNPPase in various fractions of rat brain. Various metal 
combinations had synergistic effect in inhibiting the 
activiity of K -PNPPase, in case of lead + manganese the 
effect is additive, i.e., the magnitude of the combined 
effect was equal to the sum of the effects produced by 
each metal alone while in the case of Pb + Cd and Mn + Cd, 
the inhibitory effect got potentiated, i.e., when the 
combined effect of the two metal ions is more than 
additive. PB + Mn + Cd produced nearly ccsnplete inhibi-
tion of the enzyme in all the subcellular fsactions. 
It is evident from these studies that the effect of 
a single metal is not as pq^rful as the combination of 
the two or more metals in inhibiting the activity of 
K -PNPPase. Even the lower concentrations of Cd wh«i 
interacted with Pb or Mn produced nearly complete inhibi-
tion in the enzyme activity. It may indicate the crucial 
role of Cd in potentiating the effect of Pb or Mn on this 
enzyme. These studies point towards serious environmental 
impact of the coexposure to more than one metal icm. 
<i:^ 
Mature of Inhibition^ Kro and Vraax Parameters! Prom Lineweaver 
and Burk Plot reciprocal of reaction velocity Vs reciprocal 
of varying substrate (PNPP) concentrations in the absence dnd 
presence of fixed concentrations (details d»n materials and 
methods) of lead, manganese, cadmium (Fig.5 } and their three 
combinations (Fig.6 ) , kinetic parameters were determined 
and listed in table JQt* Lead, manganese and cadmitam reduced 
the Vmax from 5,0 to 1.03, 3.48, 2.5/tf4 PNP/mg/hr. respectively, 
without any change in Km (2.9 roM). These results suggested 
that the effect of these metals on the enzyme K -PHPPase 
was independent on substrate PNPP and was oon-cc^npetitive 
in nature. The combination of lead with manganese and with 
cadmiiam also showed non-competitive inhibition with a decrease 
in Vmax from 5.0 to 3.33 and 1.33/3M PNPP/mg/hr. respectively, 
without any alteration in Km value. The combination of 
manganese and cadmium produced a mixed type (a mixture of 
competitive and non-corapetitve effects) as evident from the 
changes in both Km and V max values. The straight lines 
intersected neither at vertical axis nor at base line but 
the point of intersection was between the two axes. However, 
Km increased from 2.9 to 6.67 nW while the Vmax reduced from 
5.0 to 2,86/iM PMP/mg/hr. 
Kinetic parameters. Km and Vmax (TableU) with respect 
•f. 
to K were determined from Lineweaver and Burk plots with 
varying concentrations of K in the absence and presence of 
lead, manganese, cadmium individually (Pig.7 ) and in 
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combinations (Fig,S )• Manganese alone and in combinations 
with lead altered the Km from 10.0 to 33.3 and 50.0 inM 
respectively and the lines shared the common point of 
intersection on vertical axis producing no change in Vmax 
( 5 . 0 ^ PNP/mg/hr.) and further a continuous decrease in 
the extent of inhibition was observed with the increase in 
K concentration. These results suggested a competitive 
nature of inhibition of manganese alone and in combination with l*^ i 
lead. Lead alone changed both parameters. Ho\:?ever, Km 
changed from 10.0 to 16.67 raM v^ile the Vmax reduced from 
5,0 to 3.6yuM PNP/mg/hr. suggesting a effect of mixed type. 
Cadmium alone and in combination with lead reduced the Vmax 
from 5.0 to 1.08 and 1.2 ^  PNP/mg/hr. respectively, without 
affecting the Ktn (10.0 mM) indicating the effects were 
independent of K and thus non-competitive inhibition on the 
K -PNPPase activity. In case of manganese + cadmiiam the 
straight line ran parallel to the control line (Pig.g ) 
changing both the parameters. Km and Vmax. Such results were 
characteristics of uncompetitive inhibition suggesting no 
connection with the binding site of K"*" in the reaction. 
However, Km and Vmax reduced frcan 10.0 and 5.0 to 3.13 mM and 
1.6 ;KM PNP/mg/hr. respectively, and the extent of inhibition 
increased with the increase in K"*" concentration. 
The effect of interaction of metal ions on the activity 
4. 
of K -PNPPase in subcellular fractions of brain has not been 
studied so far. The purely non-cca?©efei*lFe inhibition by 
'i^  
lead« cactoltxm anf manganese alone, lead + manganese and 
lead + cadmium with respect to substrate may Indicate that 
Inhibition by these metals does not take place at PNPP 
binding sites. 
The effect of various metals alone or In ccwablnatlon 
differed on K"*" activation kinetic parameters of the enzyiM. 
Lead alone was able to change both the kinetic parameters in 
2+ this study. Furthermore, it has been observed that Pb 
inhibits Ma'*"-K'*"-ATPa3e, Ha"*"-ATPase, K^-PNPPase and (Na'*"-K"*"-
PNPPase activities (Siegel and Fogt, 1977). It indicated 
that Pb binds toia single independent site that inhibits 
a reaction of the enzyme neccessary for all these activities. 
However, the nature of the leganding group on the enasyme 
2+ 
respcmslble for binding Pb is not known. These include 
sulphydryl, carboxylate and Imidazole groups. 
Manganese has Iwen found to inhibit the native Na"*"-K"*"-
2+ 2+ 
ATPase in the presence of Mg , in addition Mn is able to 
2+ 2+ 
replace Mg for activation. The Inhibitory effect of Mn 
appears to be due to competition with Na"*" at the Na"*"- site 
(Atkinson et al,, 1968). However, the effect of Mn CMS 
K -PNPPase has Hot been studied so far. In the present 
studieaits effect was id«atical to th*t observed with Pb or 2+ Cd i.e. the inhibition was non-competitive in nature. Cadmitun 
also Interfered with the activities of ATP related enzymes 
in liver and brain thus effecting cellular energy (ATP) 
2+ 2+ 
metabolism. Althouhg a number of divalent metals (Pb , Pe 
^M 
Zn , Cu etc.) inhibit lfa"*"-K'*"-ATPase but the mechanism of 
inhibition is not the same with these metals (Hexum, 1974). 
Animals experimentally coexposed to metals particularly 
lead •¥ manganese, lead -f cadtaium are more vulnerable to 
their toxic effects ccxnpared to those observed after exposure 
to a single metal • ^  — :. Since combination 
of these metal ions inhibit rat brain K -PNPPase in vitro 
and if the same implication could be extended to toxicity 
in humans coexposed to these metals ions, i^ay be presumed 
that interference with the cation fluxes in the brain tissue 
or cells may be responsible in initiating the subcellular 
toxicity. Finally the potent inhibitory nature of these 
metal ions on K -PNPPase may explain their tx>xic neurological 
effects eftelB. exposure to single or combined exposure of metals. 
The possibility exists that the neurological impairment 
seen in certain metal induced encephalopath|res may, inpart, 
be a result of inhibition of this enzyme. 
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